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Previous researchers have studied wireless power transfer (WPT), while the current
study focused on converting DC voltage to AC voltage on the transmitting coil and
transferring it to the receiving coil. Previous studies did not discuss the control
technique to drive the switching component on the converter circuit, especially the
change controller in DC voltage and current affecting the WPT performance. This paper
discussed a control strategy based on the P&O algorithm for driving MOSFETs on the
half H-bridge inverter of a wireless solar power transfer (WSPT) system. This system is
constructed by PV modules as the main DC voltage source, a control strategy based on
the perturb and observe (P&O) algorithm, a half H-bridge inverter, and a transmitting
and receiving circuit. The WSPT system was modelled using MATLAB SIMULINK with
various solar irradiance, and its performance was assessed. The results show that the
change in the total output voltage and power of PV modules can be controlled by the
P&O algorithm as the signal input of the PWM generator applied to drive the MOSFETs.
There are no transient values of voltage waveform on the transmitting and receiving
circuit when the transient total output voltage of PV modules occurs. It indicates that
the P&O algorithm can effectively manage the PWM generator for its input signal,
including the total output voltage and current produced by PV modules.

1. Introduction

Solar energy is a form of renewable energy designed to substitute traditional energy sources,
which are expected to decline globally. Numerous researchers have examined solar power due to its
accessibility and significant potential for serving as an alternative energy source, particularly in
generating electricity. Solar energy prediction has been assessed by [1] proposing a novel model
which considers sunshine duration in regions of China. The main objective of prediction is to obtain
the solar energy data required to develop a photovoltaic (PV) power plant in China. The collected and
analysed solar energy data show that China’s western region has great potential for developing PV
power plants. Modelling of solar energy prediction is also conducted by [2] using a machine learning
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algorithm. It is observed based on the three scenarios, namely uniform variation, grid variation and
random variation. A genetic algorithm is also applied to optimise their required parameters. The real
data on solar energy was obtained from the Concordia University, Canada campus and compared to
the proposed modelling. The result showed that an accuracy of 94% was achieved for predicting solar
energy, and the best model was based on random variation.

The need for solar energy data in its prediction is due to the limited availability of existing data.
The prediction can be conducted by [3] using empirical formulations, [4] using ANFIS, and [5] using
the model of Gumbel probabilistic. The empirical formulas by [3] contain the amount of cloud and
duration of sunshine, and they are applied to four climate conditions (forest, coastal, transition, and
savannah) in Ghana for the amount of cloud and duration of sunshine from 2015 to 2018. The
predicted solar energy for transition and savannah is up to 22 MJ/m? or 6.1 kWh/m? compared to
transition and forest climatical conditions. An ANFIS method based on the maximum and minimum
temperature is applied to predict solar energy in Medan, North Sumatra, Indonesia [4]. The measured
and predicted solar energy data were compared to prove that the ANFIS method can be accepted for
predicting solar energy. The findings show that the ANFIS approach is acceptable, given the 2.769%
error margin. Due to the measurement limitation of solar energy data by the government in Nigeria,
thus a model of Gumbel probabilistic is applied [5]. The result showed that the model accurately
predicted solar energy and that the data could be used to develop the Nigeria PV power plant.

The availability of solar energy data in a particular region can help assess the feasibility of
establishing a PV power plant in that area. PV power plants’ main electrical energy source is PV
modules. They can be connected in series or parallel to obtain their required total voltage, current
and power. The performance of PV modules depends on the solar energy achieving their surface. The
PV modules can be applied to DC or AC loads. The DC loads can be connected directly to the PV
module or using the battery to store the electrical energy from the PV modules and connected to the
DC loads. An inverter circuit is needed to convert the output voltage of PV modules to the AC voltage
when connected to the AC loads. Previous researchers have conducted some applications of PV
modules. The PV modules were applied to the domestic hot water by [6] with a power capacity of 1
MW, and a Fuzzy controller was applied to the pumping system by [7]. A battery charging system
using a PV module based on the DC-DC converter is studied by [8]. The simulation and analysis of
converting DC voltage from the inverters with PV modules to an AC multilevel voltage waveform were
conducted by [9, 10] using MATLAB SIMULINK. In addition, the use of PV modules for power transfer
has been analysed by [11-14], focusing on applying electromagnetic principles in a wireless solar
power transfer (WSPT) system.

Normally, the WSPT system is constructed by an inverter circuit, a transmitting circuit, a receiving
circuit, and PV modules that can be connected in series or parallel to obtain the required power [15].
Some types and methods of WSPT systems have been studied. Self-resonant with three coils was
studied by [16,15], an orientation magnetic field and position method of transmitting coil have been
developed by [17], and a concept of magnetic and electric coupling between the transmitting and
receiving circuit has been developed by [18-22]. Pulse generators are commonly used to study
different types and approaches for simulating the WPT system, whereas microcontrollers play a key
role in hardware configuration. It is important to note that there is currently no provision for
introducing a feedback signal into the switching component of the inverter circuit in the WPT system
(converting the DC voltage to AC voltage [23]).

This paper proposed a control strategy for the switching component of the inverter circuit on the
WSPT system based on the P&O algorithm. The P&O is the abbreviation of perturb and observe, and
it is an algorithm created for some conditions of some controlled variable [24,25]. The WSPT system
is modelled using MATLAB SIMULINK, consisting of PV modules, an inverter circuit, and a transmitting
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and receiving circuit. The P&O algorithm has two input signals from the total output voltage and
current of PV modules.

2. Methodology

The modelling of wireless solar power transfer (WSPT) and the proposed control strategy for
switching components based on the P&O algorithm are explained in this section. The WSPT was
constructed using photovoltaic (PV) modules as a main DC voltage source, a half H-bridge inverter
(HBI), and a transmitting and receiving circuit. The circuit of HBI has two MOSFETs as switching
components. Their gate terminal needs to be driven by pulse waves and controlled by the P&O
algorithm, with its two inputs from the voltage and current of the PV modules, as shown by the block
diagram in Figure 1. MATLAB SIMULINK was used to simulate the performance of WSPT with the
control strategy of switching components based on the P&O algorithm.
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Fig. 1. Block diagram of control strategy based on P&O algorithm
2.1 Proposed Control Strategy Based on P&O Algorithm

The P&O algorithm serves as a control method for two MOSFETs in the half-bridge circuit,
requiring pulse waves to activate their gate terminal on the WSPT. The P&O algorithm is proposed to
control the output voltage (V) and current of the PV module (/), whose main objective is to achieve
the maximum output power of the PV module. It follows a criterion of looping process as shown by
a flow chart of research methodology in Figure 2.

The output power of the PV module (P) is a multiplication result of the output voltage and current
of the PV module. When the output power is not equal to 0, there are four change conditions of
output voltage and power of PV module to decide a possibility value of duty cycle, D of pulse wave
modulation (PWM) with its frequency is 5000 Hz following Figure 2. The first condition is if the change
in P and V is lower than 0, the value of duty cycle, D (the old duty cycle, Doig - the change in duty
cycle, AD) will be decreased. The second condition is if the change in P is lower than 0 and the change
in Vis higher than 0, the value of duty cycle, D (the old duty cycle, Doy + the change in duty cycle,
AD) will be increased. The third condition is if the change in P is higher than 0 and the change in Vis
lower than 0O, the value of duty cycle, D (the old duty cycle, Dois + the change in duty cycle, AD) will
be increased. The last condition is if the change in P is higher than 0 and the change in V is higher
than 0, then the value of duty cycle, D (the old duty cycle, Do - the change in duty cycle, AD) will be
decreased.

The PWM with a frequency of 5000 Hz and duty cycle of 50% is required to drive the gate terminal
of MOSFETs in the circuit of HBI, as shown in Figure 1. The circuit converts the DC voltage of PV
modules to a pure sinusoidal AC waveform on both the transmitting and receiving circuits.
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P&O algorithm

2.2 Modelling of Control Strategy Based on P&O Algorithm on the WSPT

Figure 3 shows the modelling of the control strategy based on the P&O algorithm on the WSPT
using MATLAB SIMULINK. The P&O algorithm was modelled using a block set of MATLAB functions to
create a listing program, as stated in Figure 2. A PV module has an open circuit voltage of 21.5V, a
short circuit current of 6.52 A, and ten PV modules connected in series as modelled in the block of
the control voltage source. Thus, the total output voltage of 215 V and current of 4.91 A as the input
function in the P&O algorithm should be stated early in the listing program. The multiplication of
total output voltage and current is equivalent to the total output power of PV modules. The possibility
value of the duty cycle was determined by considering any variations in the total output power and
voltage, based on Figure 2, and then used as an input signal for the PWM generator block shown in
Figure 3.

The PWM generator was set to generate the pulse wave with a frequency of 5000 Hz and a duty
cycle of 50%. These parameters were maintained to have fixed values for every change in the total
output power and voltage. The pulse wave was applied in the HBI circuit, especially for both MOSFET
gate terminals. Since the MOSFETSs should be driven for the different levels of pulse waves, one of
them should be inverted using NOT gate (block set of logical operator), as shown in Figure 3. It is due
to an inductor of 100 pH being connected to the centre tap of the transmitting coil (its function is as
a filter). Thus, the HBI circuit can convert the total output DC voltage of PV modules into a pure
sinusoidal voltage waveform on the transmitting and receiving circuit.

The modelling was simulated for 0.02 s with a constant temperature of 25°C. The initial solar
irradiance is 1000 W/m?, and the time of 0.01 s goes down to 100 W/m?2. The change in solar
irradiance and temperature affects the output voltage and current of PV modules. The P&O algorithm
responds to them to ensure the pulse wave is always maintained in the frequency and duty cycle of
5000 Hz and 50%, respectively. Furthermore, this condition affects the performances of PV modules
and the WSPT. These performances were observed and analysed, especially at the time of change in
the solar irradiance.
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Fig. 3. Modelling of control strategy based on P&O algorithm on the WSPT
3. Results

This section shows and discusses the simulation results of the PV module and WSPT performance
as an application of the control strategy of switching components based on the P&O algorithm. The
discussion starts by showing the constant temperature and the solar irradiance change, which affects
PV module performance. The pulse waves applied to the gate terminal of MOSFETSs are also discussed
in relation to the output voltage and current of PV modules. Lastly, the performance of WSPT on the
transmitting and receiving circuit is also shown and discussed in this section for change of solar
irradiance, which has been responded to by the P&O algorithm as the input signal of the PWM
generator.

3.1 The Output Voltage and Current of PV Modules as the Change Effect of Solar Irradiance

The solar irradiance of 1000 W/m? was simulated and applied to the WSPT from 0 s to 0.01 s for
the temperature of 25 °C, as shown in Figure 4. The solar irradiance goes down by 100 W/m? from
0.01s5t00.02 s, but the temperature is maintained at 25°C. The fluctuation of solar irradiance affects
the output voltage and current of PV modules. Normally, for a constant temperature, the increasing
solar irradiance causes an increase in the output voltage and current of PV modules. In contrast,
reduced solar irradiance leads to decreased output voltage and current from PV modules.

The PV module output voltage of 233.6 V was generated when the solar irradiance of 1000 W/m?
and the temperature of 25 °C during the time 0.01s as shown in Figure 5(a) while the PV modules
flow their current of 6.516 A ((7.576+5.456):2= 6.516 A) as shown in Figure 5(b). The PV module
surface receives a solar irradiance of 100 W/m? at a temperature of 25 °C, as shown in Figure 4. These
parameters affect the output voltage and current of PV modules, where their values fluctuate from
0.01 s to 0.01002 s. Initially, the transient voltage and current occur at 0.01 s, where the negative
voltage value of -2000 V (lower than 0) and the current of 1.11 A were observed. The negative voltage
value occurred due to potential induced degradation (PID) in the PV modules at 0.01 s. The negative
voltage value indicates that the total output power is negative or lower than 0. In this condition, the
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P&O algorithm takes action to control the values following the algorithm as stated in Figure 2, where
if the change in P is lower than 0 and also the change in V is lower than 0, thus decreases the value
of duty cycle, D (the old duty cycle, Doiw - the change in duty cycle, AD). The P&O algorithm was
utilised to determine the appropriate reduction of the duty cycle (D) and instruct the PWM generator
(see Figure 3) to sustain an output frequency of 5000 Hz with a duty cycle of 50%.
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The output voltage of PV modules returns to their positive value after 0.01 s until 0.01002 s
reaches a new value of 204.2 V and a new steady state value of 204.7 V, as shown in Figure 5(a). The
output current of PV modules experiences the same condition, with its value fluctuating after 0.01 s
and stabilising at a new steady state of 5.722 A ((6.652+4.792):2= 5.722A), as shown in Figure 5(b).
The changes in the output voltage, current, and power of PV modules are controlled by the P&O
algorithm to determine the possibility of pulse waves in the PWM generator.

Figure 6(a) shows the pulse wave as the output signal of the PWM generator, as shown in Figure
3, and Figure 6(b) shows the pulse wave, which is inverted by NOT gate (using a block set of logical
operators) from the output signal of PWM generator. Both pulse waves are applied to the gate
terminal of MOSFETSs in the circuit of the half H-bridge inverter. The first pulse wave has a positive
level, and the second one has a negative level every 0.0001 s. The output voltage and current of PV
modules affect the pulse waves. The output voltage of PV modules drops because of reduced solar
irradiance at 0.01 s and fluctuates until 0.01002 s (refer to Figure 5(a)). This condition affects the
pulse waves as the output signal of the PWM generator. The patterns of pulse waves exhibit a
noticeable change after 0.01 s compared to before that time, as shown in Figure 6. However, they
still maintain a frequency of 5000 Hz or a period of 0.000 2 s for the duty cycle of 50%. This range
indicates that the P&O algorithm can control the change value of the output voltage of PV modules
well.
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3.2 The WSPT Performance
The voltage level created by the transmitting coil varies is directly proportional to the output

voltage of PV modules. It means that the increased output voltage of PV modules leads to a higher
voltage level produced by the transmitting coil. Meanwhile, the voltage level generated by the
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transmitting coil is also reduced due to a lower output voltage from PV modules. The total output
voltage of PV modules is directly proportional to the solar irradiance reaching its surface. Thus, the
higher solar irradiance causes the higher output voltage of PV modules and the voltage level
generated by the transmitting coil. Likewise, decreased solar irradiance leads to a reduction in the
output voltage of PV modules and also in the voltage level generated by the transmitting coil.

The solar irradiance of 1000 W/m? and temperature of 25 °C, as shown in Figure 4, has generated
the PV module total output voltage of 233.6 V, as shown in Figure 5. The half H-bridge inverter
converts this voltage to an AC voltage waveform on the transmitting coil with its maximum voltage
of 150.2 V or its rms voltage of 106.2 V and its frequency of 5000 Hz, as shown in Figure 7(a). The
transmitting coil generates a magnetic field for 0.01 s due to the AC current flowing through it. Upon
reaching the receiving coil, the magnetic field causes an induced voltage waveform to appear,
peaking at 73.48 V or having an rms voltage of 51.96 V and operating at a frequency of 5000 Hz, as
shown in Figure 7(b).
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I

While the total output voltage of the PV module occurs at a transient value at the time of 0.01 s,
as shown in Figure 5(a), the voltage waveform on the transmitting and receiving coil does not occur
at a transient voltage at the time of 0.01 s as shown in Figure 7. This observation indicates that the
P&O algorithm can control the total output voltage of the PV module supplied to the half H-bridge
inverter and transmitting coil well. The decreasing solar irradiance of 100 W/m? after the time of 0.01
s gives the voltage waveform generated by the transmitting coil a maximum voltage of 133 V or rms
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voltage of 94.04 V, as shown in Figure 7(a). It gives the voltage waveform induced on the receiving
coil with a maximum voltage of 65.35 V or rms voltage of 46.21 V, as shown in Figure 7(b).

The WSPT has transmitted the total output power of PV modules from the transmitting coil to
the receiving coil. The AC power arriving at the receiving coil can be found based on the AC voltage
and current waveform induced and flowed on and through the receiving coil, as shown in Figure 8.
First, the difference in phase between the voltage and current waveform should be calculated. If the
difference is observed at 0.008191 s, the AC voltage waveform could be observed with the AC current
waveform at 0.008341 s. It means that the time difference is 0.00015 s (0.008341 s - 0.008191 s).
Since the period of waveforms is 0.0002 s for reaching the angle of 360° the phase difference
between the voltage and current waveform is 270°. The AC voltage waveform leads the AC current
waveform by 270°; conversely, the AC current waveform lags behind the AC voltage waveform by 90°
degrees, as depicted in Figure 8.
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For the condition of solar irradiance of 1000 W/m? and temperature of 25 °C at the time of 0 s
t0 0.01 s, where the rms voltage and current are 106.2 V and 4.96 A (refer Figure 8), respectively, the
active power is 0 W (106.2 V x 4.96 A x cos 90° ) and the reactive power is 526.75 VAR (106.2 V x 4.96
A x sin 90° ). Moreover, for the condition of solar irradiance of 100 W/m? and temperature of 25 °C
at the time of 0.01 s to 0.02 s, where the rms voltage and current are 46.21 V and 4.26 A (refer Figure
8), respectively, the active poweris O W (46.21V x 4.26 A x cos 90° ) and the reactive power is 196.85
VAR (46.21 V x 4.26 A x sin 90° ).

4. Conclusions

A control strategy based on the P&O algorithm has been proposed to control the PV modules’
total output voltage and current. The PWM generator’s signal input generates pulse waves to drive
the MOSFETSs in the half H-bridge inverter of the wireless solar power transfer (WSPT) system. The
system was simulated using MATLAB SIMULINK, and the change of solar irradiance, PV modules, and
WSPT performances was observed and analysed. Some conclusion statements can be highlighted
below.

Solar irradiance affects the performance of PV modules and WSPT. Higher solar irradiance leads
to higher output voltage of PV modules and the voltage level generated by the transmitting coil.
Likewise, lower solar irradiance causes the lower output voltage of PV modules and voltage level
generated by the transmitting coil.

The P&O algorithm can control the pulse waves and the input function of the total output voltage
and power change. During a negative transient caused by a decrease in solar irradiance from 1000
W/m? to 100 W/m?, the total output voltage and power drop below zero. This results in the total
output voltage reaching -2000 V due to potential induced degradation (PID) in the PV modules, while
the total output power also falls below zero. When the change in P and the change in V are less than
0, it decreases the duty cycle value, D (calculated as the old duty cycle, Doig, minus the change in duty
cycle, AD). This condition allows for the appropriate generation of a pulse wave on the PWM
generator to control the gate terminal of MOSFETs in the half H-bridge inverter. The voltage
waveform on the transmitting and receiving coil is not transient when the total output voltage and
power have negative transient values. It shows that the P&O algorithm effectively regulates the
overall output voltage of the PV module sent to the half H-bridge inverter and transmitting coil.
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